Introduction
============

Gastric cancer is the fourth common cancer and the second leading cause of cancer-related death worldwide.[@b1-ott-12-2225] Gastric cancer has become a significant threat to human health over the last decade.[@b2-ott-12-2225] Cytotoxicity and drug resistance were observed in the development of gastric cancer cells, which leads to tumor recurrence and even further development.[@b3-ott-12-2225] Although the progress in treatment of gastric cancer has been accelerated in recent years, the therapeutic effect is still unsatisfactory.[@b4-ott-12-2225] Therefore, it would be of great clinical value to identify new drugs or new therapeutic targets that can effectively and safely treat gastric cancer.

Accumulating data suggest that infiltrating CD4 T lymphocytes, including T helper (Th) cells and regulatory (Tregs) cells, play important roles in gastric cancer.[@b5-ott-12-2225],[@b6-ott-12-2225] Th9 cells is a recently recognized Th cell subset, which is involved in a wide range of autoimmune diseases and allergic inflammation, and significantly regulates host response.[@b7-ott-12-2225],[@b8-ott-12-2225] These cells exert proinflammatory or anti-inflammatory activity by modulating the development of Treg and Th17 cells.[@b9-ott-12-2225] Th9 is characterized by secreting large quantities of IL-9.[@b10-ott-12-2225] IL-9 targets cells of the lymphoid, myeloid, and mast cell lineages diseases.[@b11-ott-12-2225] Further research proved that IL-9 induces immu-nosuppression controlled by Treg and mast cells, which leads to tolerance to environmental stress.[@b12-ott-12-2225] The differentiation of Th9 cells requires balanced signaling, including IL-4, TGF-β,[@b13-ott-12-2225] and the epithelial cell thymic stromal lymphopoietin (TSLP),[@b14-ott-12-2225] which leads to transcription factor-induced PU.1 and interference (IFN) regulatory factor 4 (IRF4) binds directly to the IL-9 promoter and activates gene expression in Th9 cells.[@b15-ott-12-2225] Once differentiated, Th9 cells need to activate the IL-25/IL-17 RB axis to produce high levels of IL-9.[@b16-ott-12-2225] This study also showed that epigenetic modifications in the PU.1 promoter uniquely and dynamically control the threshold for Th9-cell development in naive and memory CD4 T cells and, therefore, functional maturation of the immune system.[@b15-ott-12-2225]

Given the previous research, it is reasonable to hypoth-esize that Th9/IL-9 may be a new therapeutic target for gastric cancer. Therefore, in this study, by neutralizing IL-9 in a nude mouse model, we describe for the first time that Th9/IL9 has a deleterious role in gastric cancer.

Materials and methods
=====================

Animals
-------

Twenty-four male BALB/c nude mice (18±2 g, 6--8 weeks old) were purchased from Jinan Pengyue Experimental Animal Breeding Co., Ltd. (license number SCXK (Lu) 2014-0007, Jinan, China). The mice were housed in a room under temperature 25°C±2°C, with a relative humidity of 55%±5%, 12 hour day and night alternation, and free access to water and food. All animal experiments were approved by the Institutional Animal Care Committee of The Affiliated Yantai Yuhuangding Hospital of Qingdao University and performed within the guidelines for the Care and Use of Laboratory Animals.

Gastric cancer cell lines and cell culture
------------------------------------------

Human gastric cancer cell line SGC-7901 (TCHu 46) was obtained from American Type Culture Collection (Rockville, MD, USA). Cells were cultured in RPMI-1640 medium (HyClone, Logan, UT, USA) supplemented with 10% fetal calf serum (Gibco BRL, Grand Island, NY, USA) at 37°C under an atmosphere of 5% CO~2~ and 95% air. Logarithmic growth-phase cells were collected for experiments.

Experimental procedure
----------------------

Male BALB/c nude mice were randomly divided into three groups, including a normal control group (Control), an SGC-7901 xenografted nude mice model group (Model), and a rIL-9 treatment group (Treat), with 10 rats in each group. Then, 0.3 mL of single-cell suspension (1.0×10^7^/mL) in buffer solutions was injected into every mouse in the Model and Treat groups. When the tumor tissue volume reached 1 cm^3^, the modeling was considered successful. Then, the mice in the Treat group received 0.2 mL phosphate buffered saline (PBS) (250 ng/mL rIL-9, PeproTech, Rocky Hill, NJ, USA)[@b17-ott-12-2225] by intraperitoneal injection, while those in the Control and Model groups received an equivalent volume of PBS.

After administration once every 2 days for 28 days, the peripheral blood of each mouse was collected from mandibular venous plexus. A portion of the blood sample was centrifuged (3,500 rpm, 15 min) to yield the upper layer of serum that was collected carefully and stored at −80°C, and the remaining blood sample was placed in an anticoagulant tube for flow cytometry. Subsequently, mice were intraperitoneally injected with 1% sodium pentobarbital (40 mg/kg) and sacrificed and dissected to acquire the intact tumor tissues. The tumors were weighed to calculate the tumor inhibition rate using the following equation: Tumor growth inhibition rate (%)=(the mean tumor weight of Model group--the mean tumor weight of Treat group)/the mean tumor weight of Model group×100%.

The cell frequency of Th9, Th17, and Treg was detected by flow cytometry
------------------------------------------------------------------------

Peripheral blood and PBS containing 1% FBS (Gibco, Grand Island, NY, USA) were used to prepare a single cell suspension. Cells were stained with FITC anti-mouse CD4 antibody (BD Bioscience PharMingen, San Jose, CA, USA) in a dark environment at 4°C for 30 minutes, and the cells were fixed and permeabilized with Cytofix/Cytoperm buffer (BD Bioscience PharMingen). They were then stained with PE anti-mouse IL-9 or PE anti-mouse IL-17 antibody (BD Bioscience PharMingen).[@b18-ott-12-2225] To detect Tregs, cells were stained with FITC anti-mouse CD4 and APC anti-mouse CD25 (eBioscience, San Diego, CA USA), then incubated at 4°C in the dark for 20 minutes. After being washed twice, the cells were fixed, permeabilized, and stained with PE anti-mouse Foxp3 (eBioscience, USA). Flow cytometric analysis (FACSCanto II, BD Biosciences, USA) was performed, and FCS Express 4 software (De Novo Software, Glendale, CA, USA) was used for analysis.

Inflammatory factors were detected by ELISA
-------------------------------------------

The levels of IL-4 (EK0405, Boster, Pleasanton, CA, USA), IL-9 (ABIN625153, RayBiotech, Norcross, GA, USA), IL-10 (EK0417, Boster), IL-25 (ABIN425028, Cloud-Clone, Houston, TX, USA), VEGF (ABIN2116393, antibodies-online, Germany), and TGF-β (ABIN772539, Blue Gene, San Francisco, CA, USA) in serum were determined by ELISA kits according to the manufacturer's instructions.

Cellular migration and invasion assay
-------------------------------------

Inserts were diluted to 20 ng/mL in RPMI 1640, then SGC-7901 cells were placed in the upper chamber of insert (Corning Inc., Corning, NY, USA) for migration assay and invasion assay, and the SGC-7901 cells were placed in the upper chamber of inserts coated with 45 µg of Matrigel (BD Biosciences) for invasion assay. Six hundred microliters of complete medium containing 10% FBS was added to the lower layer of Transwell (MilliporeSigma, Burlington, MA, USA) 24-well plate and incubated at 37°C in 5% CO~2~ for 24 hours. Next, the cells attached to the lower surface were stained with crystal violet at room temperature for 20 minutes. Then, the plates were rinsed with PBS, and the number of cells on the membrane were counted manually using an inverted microscope (Olympus, Tokyo, Japan).

The expression of IL-9 and CD34 were detected by immunohistochemistry
---------------------------------------------------------------------

The tumors in each group were embedded in paraffin, sliced, and dewaxed into the water. Then, the tumors were inactivated with methanol (3% H~2~O~2~) for 20 minutes, repaired in citrate buffer (pH 6.0) for 10 minutes, and blocked in 5% BSA for 20 minutes. The tumors were incubated overnight at 4°C with rabbit anti-mouse IL-9 (1:100, ab203386, Abcam, Cambridge, MA, USA) and hematopoietic progenitor cell antigen CD34 (CD34) (1:1,000, ABIN1111107, antibodies-online, Aachen, Germany) antibody, respectively. Subsequently, horseradish peroxidase-labeled goat anti-rabbit IgG (ABIN101988, antibodies-online, Germany) was used. DAB coloration, counterstaining, dehydration, clearing, and mounting followed (Fisher Scientific, Ottawa, ON, Canada). The expression of IL-9 was observed by Mirax Scan (Zeiss, Don Mills, ON, Canada), counted by AperioImagescope 11.1 software, and the results were expressed as positive cells/mm^2^.

The expressions of related mRNAs were detected by reverse transcription-polymerase chain reaction (RT-PCR)
----------------------------------------------------------------------------------------------------------

The tumor tissue was collected and TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was used for RNA extraction. The reverse transcription procedure was per formed according to the instructions of the kit (Applied Biosystems, Waltham, MA, USA). qRT-PCR amplification was performed using the Mastercycler^®^ nexus X2 (Eppen-dorf, Hamburg, Germany). The following primers were used: 5′-AACAGTCCCTCCCTGTAGCA-3′ (forward) and 5′-AAGGATGATCCACCGTCAAA-3′ (reverse) for IL-9, 5′-AAAACAGGCAAAAGCTGCAT-3′ (forward) and 5′-TGACATTGTTGAACAGCTGAAA-3′ (reverse) for IL-21, 5′-AGGAGTCTTCTACGACCTGGA-3′ (forward) and 5′-GAAGGCTTCATAGGGAGCGAT-3′ (reverse) for PU.1, and 5′-CGTCATTGCACGAAGACACAA-3′ (forward) and 5′-CCTGGTCCACCATTTTAAGGC-3′ (reverse) for β-actin. Reaction conditions were as follow: 95°C for 120 seconds, followed by 95°C for 15 seconds, then 60°C for 15 seconds, and repeated for 40 cycles. The expression levels of the gene mRNA were calculated by the 2^−ΔΔCT^ method and β-actin was used as the endogenous control.

The expressions of related proteins were detected by Western blot
-----------------------------------------------------------------

Tissues were homogenized after grinding. Then, centrifugation was performed at 2,000 r/min for 20 minutes at 4°C. After being quantitated with the bicinchoninic acid (BCA) protein assay kit (Pierce, Rockford, IL, USA), proteins were separated by 10% SDS-PAGE and transferred onto polyvi-nylidene difluoride (PVDF) membrane (Millipore, USA). The membranes were blocked with 5% skim milk for 1 hour at room temperature. Then, the membranes were incubated overnight at 4°C with primary antibodies against PU.1 (1:1,000, sc-390659, Santa Cruz, CA, USA), P53 (1:1,000, ABIN1499973, antibodies-online, Aachen, Germany), P21 (1:1,000, ABIN2855705, antibodies-online), and β-actin (1:1,000, ABIN2854709, antibodies-online). Subsequently, secondary antibody IgG-HRP (1:1,000, \#7074, Cell Signaling Technology, Danvers, MA, USA) was used and incubated for 0.5 hour at room temperature. The blots were visualized with enhanced chemiluminescence (ECL) system (ImageQuant LAS 4000, General Electric Company, Fairfield, CT, USA), and the results were analyzed by LabImage version 2.7.1 (Kapelan GmbH, Halle, Germany).

Statistical analysis
--------------------

Statistical analysis was performed using SPSS 19.0 (SPSS Inc., Chicago, IL). Data are reported as the mean value±SD ($\overline{\text{x}} \pm \text{SD}$). Significant differences between two groups were assessed by *t*-test, one-way ANOVA was used for multi-group data analysis, and LSD test was used for subsequent analysis. *P*\<0.05 was considered statistically significant.

Results
=======

ril-9 inhibited the tumor growth in sgc-7901-xenografted nude mice
------------------------------------------------------------------

Tumors grew at the site of inoculation after being inoculated for 6--9 days. The tumor formation rate was 100%, and no spontaneous tumor regression was observed. As displayed in [Figure 1](#f1-ott-12-2225){ref-type="fig"}, compared with the Model group, the growth of tumors in the Treat group was significantly slower on the 14th day of rIL-9 treatment (from 300.5±55.7 mm^3^ to 196.8±37.6 mm^3^, *P*\<0.05). On the 28th day, the tumor volume and average tumor weight in the Treat group were significantly reduced (both *P*\<0.05). After rIL-9 treatment, the tumor growth inhibition rate was 64.8%.

rIL-9 inhibited the cell frequency of Th9, Th17, and Treg in peripheral blood of SGC-7901-xenografted nude mice
---------------------------------------------------------------------------------------------------------------

As shown in [Figure 2](#f2-ott-12-2225){ref-type="fig"}, the cell frequency of Th9, Th17, and Treg in the Model group was 1.68±0.20, 6.67±0.65, and 10.61±1.20, respectively; this was significantly higher compared to the Control group (*P*\<0.05). However, the use of rIL-9 significantly reduced the cell frequency of Th9, Th17, and Treg in peripheral blood of SGC-7901-xenografted nude mice (0.68±0.12, 2.69±0.36, and 5.64±0.49, respectively). The results indicated that rIL-9 inhibited the cell frequency of Th9, Th17, and Treg in peripheral blood of SGC-7901-xenografted nude mice.

rIL-9 inhibited the factors in the serum of SGC-7901-xenografted nude mice
--------------------------------------------------------------------------

Compared with the Control group, the levels of IL-4, IL-9, IL-10, IL-25, VEGF, and TGF-β in the Model group were significantly increased (from 19.45±2.32 to 56.59±5.79 for IL-4, from 27.73±5.73 to 79.64±6.04 for IL-9, from 12.49±2.98 to 48.87±5.81 for IL-10, from 10.57±1.71 to 72.70±4.42 for IL-25, from 205.65±15.60 to 754.68±34.02 for VEGF, and from 217.42±1 9.84 to 362.93±31.50 for TGF-β, respectively, *P*\<0.05). The treatment of rIL-9 significantly reduced the levels of those factors in the serum of SGC-7901-xenografted nude mice ([Figure 3](#f3-ott-12-2225){ref-type="fig"}). The results showed that rIL-9 can reduce the inflammatory factors and tumor cell-induced angiogenesis and metastasis in the murine model.

rIL-9 inhibited the migration and invasion of the SGC-7901 cells
----------------------------------------------------------------

As shown in [Figure 4](#f4-ott-12-2225){ref-type="fig"}, compared with the Control group, the migration and invasion ability of the gastric cancer cells in the Model group was significantly increased (from 80.09±5.82 to 179.12±9.55 for relative cell migration number and from 51.63±4.17 to 144.04±13.2 for relative cell invasion number, *P*\<0.05). However, the migration and invasion ability of the gastric cancer cells in the Treat group were significantly decreased (*P*\<0.05). These results indicated that IL-9 can promote tumor migration and invasion, and rIL-9 could effectively inhibit the metastasis of gastric cancer cells.

ril-9 inhibited the expression of il-9 and cD34 in gastric cancer tissue
------------------------------------------------------------------------

CD34 is a transmembrane glycoprotein grouped into the CD34 family. It is found in hematopoietic stem cells in the vascular endothelium of small vessels in a few neoplastic cell lines.[@b19-ott-12-2225] As shown in [Figure 5](#f5-ott-12-2225){ref-type="fig"}, the CD34 markers in the blood vessels with cytoplasmic and/or membrane labeling were observed, and the expression of IL-9 and CD34 proteins in the Model group was positive. After treatment with rIL-9, the blood vessels with cytoplasmic and/or membrane labeling were increased, and the expression of IL-9 and CD34 proteins in the Treat group was significantly reduced (*P*\<0.05). This result showed that rIL-9 has a significant inhibitory effect on tumor growth.

rIL-9 inhibited the mRNA expression of IL-9, IL-21, and PU.1 in gastric cancer tissue
-------------------------------------------------------------------------------------

As shown in [Figure 6](#f6-ott-12-2225){ref-type="fig"}, after treatment with rIL-9, the relative mRNA levels of IL-9, IL-21, and PU.1 in the Treat group were significantly lower than those in the Model group (from 4.15±0.62 to 1.23±0.32 for IL-9, from 5.15±0.45 1.15±0.13 for IL-21, and from 3.77±0.34 to 1.32±0.28 for PU.1, *P*\<0.05, respectively). These results indicated that rIL-9 could inhibit the mRNA expression of IL-9, IL-21, and PU.1 in gastric cancer tissue.

The expression of PU.1, p53, and p21 proteins in gastric cancer tissue
----------------------------------------------------------------------

Western blot was used to detect the expression of PU.1, p53, and p21 proteins in gastric cancer tissue ([Figure 7](#f7-ott-12-2225){ref-type="fig"}). In the Treat group, the expression of PU.1 was significantly reduced, whereas the expression of p53 and p21 was significantly increased compared with the Control group (*P*\<0.05, respectively).

Discussion
==========

Accumulating evidence suggests that several CD4+ Th subsets and their cytokines play crucial roles in the pathogenesis of tumor immunity.[@b20-ott-12-2225] The differentiation of T cells into Th subsets such as Th9, Th17, and Treg is largely dependent on the microenvironment composed of secreted cytokines. There might be a complex regulatory network between Th9, Th17, and Treg, and a positive correlation among Th9, Th17, and Treg cells was shown by Nowak and Noelle[@b21-ott-12-2225] and Stephens et al.[@b22-ott-12-2225] In our study, we found a positive correlation among Th9, Th17, and Treg frequencies in peripheral blood of SGC-7901-xenografted nude mice. These results proved that the microenvironment by gastric cancer favors Th9 proliferation and IL-9 secretion. IL-21 is secreted by activated CD4+ T cells, and its receptor is expressed on many immune cells. IL-21 has an important regulating effect on the immune cells and has been linked to autoimmune diseases, allergies, and other inflammatory diseases.[@b23-ott-12-2225] Previous studies have shown that IL-21 has an important role in Th9 differentiation.[@b24-ott-12-2225],[@b25-ott-12-2225] In this study, the use of rIL-9 suppressed the cell frequency of Th9, Th17, and Treg in peripheral blood and inhibited the mRNA expression of IL-9 and IL-21 in gastric cancer tissue. Furthermore, cellular migration and invasion and the levels of inflammatory cytokines were inhibited with the use of rIL-9. The results show that rIL-9 has a significant inhibitory effect on tumor growth.

Energy availability supplied by neo-angiogenesis is one of the mechanisms to control cancer cells.[@b26-ott-12-2225] If neo-angiogenesis is under control, the tumor size and progression of malignancy will be under control as well.[@b27-ott-12-2225] The pathogenesis and progression of cancer are largely due to VEGF and its signaling pathway.[@b28-ott-12-2225] These results demonstrated that treatment of rIL-9 significantly reduced the level of VEGF in the serum of SGC-7901-xenografted nude mice, which illustrated that rIL-9 can reduce tumor cell-induced angio-genesis and metastasis in a murine model.

PU.1 is an ETS family transcription factor, which is critical for TH9 cell differentiation.[@b29-ott-12-2225] Th9 cell differentiation is controlled by unique and dynamic epigenetic modifications in its promoter region, and PU.1 is the master transcription factor of Th9-cell differentiation.[@b30-ott-12-2225] PU.1 enhances gene transcription through recruiting histone acetyltransferases (HATs) and enhancing permissive chromatin structure, and therefore control the functional maturation of the immune system.[@b31-ott-12-2225] P53 and p21 are tumor suppressor proteins that regulate the expression of a wide variety of genes, including apoptosis, growth inhibition, inhibition of cell cycle progression, differentiation, and accelerated DNA repair.[@b32-ott-12-2225] Previous study demonstrated that PU.1 could reduce the transcriptional activity of the p53 tumor suppressor family and, thus, inhibit activation of genes important for cell cycle regulation and apoptosis.[@b33-ott-12-2225] In our study, rIL-9 can inhibit the mRNA and protein expression of PU.1, whereas it can promote the expression of p53 and p21 proteins in gastric cancer tissue.

Conclusion
==========

In summary, our results demonstrate that rIL-9 can suppress cancer-related inflammatory factors, proteins, and mRNAs in nude mice and reduce tumor cell-induced angiogenesis and metastasis. Our study suggested that Th9/IL-9 has a deleterious role in gastric cancer.
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![Effect of rIL-9 on tumor growth in SGC-7901-xenografted nude mice, rIL-9 inhibited the tumor volume (**A**, **B**) and average tumor weight (**C**) in SGC-7901-xenografted nude mice. Data were shown as mean±SD. ^\#^*P*\<0.05 vs model group.](ott-12-2225Fig1){#f1-ott-12-2225}

![Effect of rIL-9 on the cell frequency of Th9, Th17, and Treg in peripheral blood of SGC-7901-xenografted nude mice (**A**). rIL-9 inhibited the cell frequency of Th9, Th17, and Treg in peripheral blood of SGC-7901-xenografted nude mice (**B**).\
**Notes:** Data are shown as mean±SD. ^\*^*P*\<0.05 vs Control group, ^\#^*P*\<0.05 vs Model group.](ott-12-2225Fig2){#f2-ott-12-2225}

![Effect of rIL-9 on the factors in serum of SGC-7901-xenografted nude mices. rIL-9 could inhibit the levels of IL-4 (**A**), IL-9 (**B**), IL-10 (**C**), IL-25 (**D**), VEGF (**E**), and TGF-β (**F**) in serum of SGC-7901-xenografted nude mice.\
**Notes:** Data are shown as mean±SD. ^\*^*P*\<0.05 vs Control group, ^\#^*P*\<0.05 vs Model group.](ott-12-2225Fig3){#f3-ott-12-2225}

![Effect of rIL-9 on the migration and invasion of SGC-7901 cell (**A**). IL-9 can promote tumor migration (**B**) and invasion (**C**) (400×). Data were shown as mean±SD. ^\#^*P*\<0.05 vs model group.](ott-12-2225Fig4){#f4-ott-12-2225}

![Effect of rIL-9 on the expression of IL-9 and CD34 proteins in gastric cancer tissue (**A**). rIL-9 could inhibit the expression of IL-9 (**B**) and CD34 (**C**).\
**Notes:** Data are shown as mean±SD. ^\#^*P*\<0.05 vs Model group.](ott-12-2225Fig5){#f5-ott-12-2225}

![Effect of rIL-9 on the mRNA expression of IL-9, IL-21, and PU.1 in gastric cancer tissue. rIL-9 can inhibit the mRNA expression of IL-9, IL-21, and PU.1.\
**Notes:** Data are shown as mean±SD. ^\#^*P*\<0.05 vs Model group.](ott-12-2225Fig6){#f6-ott-12-2225}

![Effect of rIL-9 on the expression of PU.1, p53, and p21 proteins in gastric cancer tissue (**A**). rIL-9 can reduce the expression of PU.1 and increase the expression of p53 and p21 (**B**).\
**Notes:** Data are shown as mean±SD. ^\#^*P*\<0.05 vs Model group.](ott-12-2225Fig7){#f7-ott-12-2225}
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